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“Physicist’s view” = 
first-principles, quantitative, analytic, descriptive
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five key drivers of the energy future
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• rapid GDP growth esp. in 
developing countries

• growth of megacities
• changing customer 

preferences
• potential for demand side 

intervention

five key drivers of the energy future
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energy demand – growth projections

Source: IEA World Energy 
Outlook 2004

Notes:  1. OECD refers to North America, W. Europe, Japan, Korea, Australia and NZ
2. Transition Economies refers to FSU and Eastern European nations
3. Developing Countries is all other nations including China, India etc.

Global Energy Demand Growth by Region (1971-2030)
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Global energy demand is set to grow by over 60% over the next 30 years – 74% of 
the growth is anticipated to be from non-OECD countries
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Space Heat 2.451 76,5

Process Heat 1.348 57,4

Other Drives   552 59,7

Illumination     17   8,4
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• rapid GDP growth esp. in 
developing countries

• growth of megacities
• changing customer preferences
• potential for demand side 

intervention

five key drivers of the energy future

• significant hydrocarbon resource potential
• misalignment between resource location and demand
• growing supply challenges
• growth of unconventionals

� �������
���� �����

�����������	��
� �����	����

���������

� ������� �
� �������

� ��	�
�
� ��� ��



����������	
�����	��������

��

���

���

���

���

���

���

	��


��

���

����

�
�� �

� ���� ���� ��	� ����

�������

������

���

���

�����

����

 ���

��
��������



current and historical global energy mix
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Current global energy supply is dominated by fossil fuels – oil has been the largest 
component of the energy mix for many decades; gas has grown strongly since the 
1970’s; coal has been growing in the last four years; hydro is constant and nuclear 
has plateaued
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GoM Projects – the Move into Deeper Water
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• rapid GDP growth esp. in 
developing countries

• growth of megacities
• changing customer preferences
• potential for demand side 

intervention

five key drivers of the energy future

• governance failures in producing countries
• significant rise in import dependence
• new policy initiatives to enhance energy 

security
• growing competition for energy resources

• significant hydrocarbon resource potential
• misalignment between resource location and demand
• growing supply challenges
• growth of unconventionals
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energy security - import dependence
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Import dependence is rising in all the key markets; oil and gas production is also 
shifting increasingly away from OECD countries to non-OECD



• rapid GDP growth esp. in 
developing countries

• growth of megacities
• changing customer preferences
• potential for demand side 

intervention

five key drivers of the energy future

• governance failures in producing countries
• significant rise in import dependence
• new policy initiatives to enhance energy security
• growing competition for energy resources

• climate change and potential 
for carbon constraints

• tightening of regulation 
relating to local pollution

• increasing scrutiny for 
extractive industries

• significant hydrocarbon resource potential
• misalignment between resource location and demand
• growing supply challenges
• growth of unconventionals
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Climate change and CO2 emissions

CO2 concentrations are rising due to fossil fuel use

The global temperature is increasing 
- other indicators of climate change

There is a plausible causal connection 
- but the scientific case is not overwhelming (natural variability, forcings)

Impacts of higher CO2 quite uncertain
- ~ 2X pre-industrial is a widely discussed stabilization target 

Precautionary action is warranted
- What could the world do?
- Will we do it?
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Emission 3.0 ppm/yr
Growing 1.5%/yr
(67 year timescale)

Land 0.5 GtC/yr 
(0.22 ppm/yr)
Constant 

Ocean 1.0 ppm/yr
= (C-C0)/T; T = 100 years

Atmospheric Concentration
C = 376 ppm
Increasing 1.8 ppm/yr
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•Where will the CO2 migrate to?
•Will the CO2 stay down there? 

- need ~10-3/yr leak rate
- catastrophic release potential

•Integrity/Corrosion of the penetrations?
•Costs (currently ~ 30% increment to COE)

•Mostly in the capture
•Will always be incremental
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• rapid GDP growth esp. in 
developing countries

• growth of megacities
• changing customer preferences
• potential for demand side 

intervention

five key drivers of the energy future

• governance failures in producing countries
• significant rise in import dependence
• new policy initiatives to enhance energy security
• growing competition for energy resources

• climate change and potential 
for carbon constraints

• tightening of regulation relating 
to local pollution

• increasing scrutiny for 
extractive industries

• significant hydrocarbon resource potential
• misalignment between resource location and demand
• growing supply challenges
• growth of unconventionals

� �������
���� �����

• advances in all technology 
but especially info-tech,  
biotech and nanotech

• potential for breakthroughs 
in energy production, 
conversion or storage
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•Strong demand growth

• Adequate hydrocarbon 
resources

• Energy and Technology 
choices will be modulated by 
security and environmental 
considerations


